Chromone derivatives have been extensively studied recently because of to their promising biological activities. The new title chromone-thiazole hybrid presented here, C 14 H 10 N 2 O 3 S, is a candidate as a selective ligand for adenosine receptors. The compound has been synthesized and characterized by the usual spectroscopic means (NMR and EM/IE) and its structure elucidated by X-ray crystallography, which revealed the presence of packing polymorphism. The two polymorphs (one with space group P2 1 /n and one with P2 1 /c) show slightly different conformations and the major change induced by crystallization regards the intramolecular contacts defining the supramolecular structure. Those differences been highlighted by Hirshfeld surface analysis mapped over d norm and ESP.
Polymorphism in the structure of N-(5-methylthiazol-2-yl)-4-oxo-4H-chromene-3-carboxamide Ligia R. Gomes 
Chemical context
Chromones are 4H-benzopyran-4-one heterocycles and they have been studied thoroughly because of their interesting biological activities (Gaspar et al., 2012a,b; 2014) Thiazolebased compounds have been used in therapeutics as antimicrobial, antiviral and antifungal agents for a long time (Souza, 2005; Siddiqui et al., 2009) but, in the past decades, they have been identified as potent and selective ligands for the adenosine receptor (Sharma et al. 2009; Jung et al., 2004) . In a continuation of our project related to the synthesis of pharmacologically useful heterocycles, the title compound has been designed as a potential ligand for human adenosine receptors.
Structural commentary
The molecular structures of the polymorphs are shown in Fig. 1 . This compound presents packing polymorphism and crystallizes in monoclinic space groups P2 1 /n and P2 1 /c, the latter with two molecules in the asymmetric unit (identified as mol#1 and mol#2). In 1_P2 1 /c, mol#1 fits into mol#2 with values of quaternion fit weighted of 0.093 Å (unit-weight r.m.s. fit of 0.086 Å for 20 atoms). The conformation around the amide rotamer for chromone carboxamides can be either -anti or -syn. The former appears to be more probable since it lowers the steric hindrance between the two aromatic rings as compared to the -syn rotamer. Structural characterizations made previously in other 4H-chromene-3-carboxamides (Gomes et al., 2015a,b) show that, when the amide oxygen atom (O3/O13/O23) is transrelated to the pyran oxygen atom of the chromone (O1/O11/ O21) the -anti conformation predominates since it permits the establishment of a short intramolecular N-HÁ Á ÁO(carbonyl) hydrogen bond (geometric parameters for the intramolecular H bond are given in Tables 1 and 2 ), which generates an S(6) ring.
The S atom of the thiazole ring is in a -cis position with respect to the carbonyl O3/O23/O13 atom of the amide in both polymorphs. This feature has also been observed for similar compounds (Cagide et al., 2015) . Gas-phase ab initio geometry optimization and natural atomic charges obtained by population analysis [using natural bond orbital (NBO) analysis] revealed that negative charges are located at the two nitrogen atoms and at the three oxygen atoms, while the positive charges reside at the amide carbon atom as well as at the sulfur atom of the thiazole ring, suggesting that a further stabilization may arise when the S atom is pointing to the carboxyl oxygen atom of the amide. This was also confirmed here by similar calculations: the results obtained for atomic charges by NBO analysis, performed after single-point energy calculation, are in Fig. 2 . In addition, the calculation of energies and charges of several conformers, obtained by rotation of the Table 2 Hydrogen-bond geometry (Å , ) for 1_P2~1~_c. 
Figure 1
A view of the asymmetric unit of 1_P2 1 /n with the atom-numbering scheme (top). A view of the asymmetric unit of 1_P2 1 /c with mol#1 (left) and mol#2 (right) with the atom-numbering scheme (bottom). Displacement ellipsoids are drawn at the 70% probability level. Table 1 Hydrogen-bond geometry (Å , ) for P2 1 /n. thiazole ring (C) around the amide spacer (B) were made, showing that the lowest energy is obtained when the sulfur atom is around 0 . Details are provided in the Supporting information.
Relevant data for the discussion of molecular geometry and conformation of the polymorphs is presented in Table 3 ; A-C refers to the dihedral angle between the mean planes of the chromone and thiazole rings, A-B to the dihedral angle between the best plane of the chromone and the plane defined by atoms OCN of the amide moiety, whereas B-C refers to the dihedral angle between this plane and the best plane of the thiazole ring. Since the heteroaromatic rings are practically planar, the dihedral angle A-C quantifies the degree of bend and/or twist between them and can be used for evaluation of the distortion of the molecule from planarity when one of the dihedrals, A-B or B-C , is relatively small. As seen, 1_P2 1 /n and 1_P2 1 /c_mol#2 are practically planar while 1_P21/c_mol#1 presents a slightly higher A-C angle due to the rotation of the chromone ring with respect to the amide plane.
Supramolecular features

Molecular structure and conformation
In 1_P2 1 /n the molecules are linked by the C2-H2Á Á ÁO4 i and C8-H8Á Á ÁN33 i weak hydrogen bonds, Table 1 , which form a chain of R 2 2 (13) rings runing parallel to the b-axis direction generated by the twofold screw axis at x = 1 4 and y = 1 4 , as depicted in Fig. 3 .
The molecules in 1_P2 1 /c are linked by alternating weakly hydrogen-bonded R 2 2 (10) rings formed by the hydrogen bonds
C12-H12Á Á ÁO24
ii and C25-H25Á Á ÁO13 iv in one case and C22-H22Á Á ÁO14
ii and C15-H15Á Á ÁO23 ii in the other, Table 2 . These link the molecules to form a chain of rings running parallel to [101] , Fig. 4 . Details of the -stacking are given in Table 4 . In 1_P2 1 /n the molecules form a -stack that extends along the a axis. In 1_P2 1 /c, the two molecules in the asymmetric unit form a -stacked dimer (which guided the choice of asymmetric unit). In both compounds, any possible C-HÁ Á Á contacts involve methyl hydrogen atoms with HÁ Á Á distances in excess of 2.8 Å .
Hirshfeld surfaces The Hirshfeld surfaces and two-dimensional fingerprint (FP) plots (Rohl et al., 2008) provide complementary information concerning the intermolecular interactions discussed above. They were generated using Crystal Explorer 3.1 (Wolff et al., 2012 The chain of R 2 2 (13) rings running parallel to the b axis generated by the twofold screw axis at x = 1/4 and y = 1/4 as depicted for 1_P2 1 /n. H atoms not participating in hydrogen bonding have been omitted for the sake of clarity.
Figure 2
Natural atomic charges from population analysis (NBO), at the B3LYP/ 6-311+G(d) level of theory for the 1_P2 1 /n at crystal geometric conformation. The charge distributions are presented within a relative charge range of À1.000 (green) to +1.000 (light red). Figure 4 The molecules in 1_P2 1 /c linked by alternating weakly hydrogen-bonded R 2 2 (10) rings that lead the molecules to form a chain of rings running parallel to [101] . H atoms not participating in hydrogen bonding have been omitted for the sake of clarity.
are depicted in Figs. 5 and 6 for 1_P2 1 /n and in Figs. 7 and 8 for 1_P2 1 /c; mol_#1 and mol_#2. Also in Figs. 5 and 9, the Hirshfeld surfaces mapped over the electrostatic potential (ESP) are depicted for both polymorphs. The contributions from various contacts, listed in Table 5 , were selected by the partial analysis of those FP plots. Taking out the HÁ Á ÁH contacts on the surface that are inherent to organic molecules, the most significant contacts can be divided in three groups: (i) the HÁ Á ÁO/N contacts that correspond to some relevant C-HÁ Á ÁO, C-HÁ Á ÁN intermolecular interactions; (ii) the HÁ Á ÁC/ CÁ Á ÁH contacts and (iii) CÁ Á ÁC contacts that are related tostacking. The structure has two carboxyl groups and a nitrogen atom of the thiazole that can act as acceptors for hydrogen bonding and a N-H (amide) that can act as donor. In spite of that, the N-H amide does not have a relevant role in the definition of the supramolecular structure but it is compromised in the intermolecular hydrogen bond. P2 1 /n polymorph As seen in Fig. 3 , in 1_P2 1 /n the oxygen atom O4 acts as acceptor for the hydrogen atom H2 of the chromone and the nitrogen atom N33 of the thiazole ring acts as acceptor for the H8 hydrogen atom of the chromone ring. Thus, the Hirshfeld surface of 1_P2 1 /n (mapped with d norm ) shows two sets of complementary red spots in the lateral faces of the surface as highlighted in Fig. 5 , left. The small red-spot areas facing the chromone plane are due to CÁ Á ÁC contacts (that assume 7.1% of the contact area) and they correspond to the light-blue area in the middle of the FP plot, Fig. 6 . The geometric parameters for these contacts are listed in Tables 3 and 5 . The weak CÁ Á ÁH contacts correspond to 15.2% of the surface area. The FP plot shows three sets of spikes pointing to southwest: the outer ones are due to the HÁ Á ÁN contacts that involves the N(thiazole)Á Á ÁH8-C8(chromone) followed by the spikes corresponding to OÁ Á ÁH contacts that englobes the O4Á Á ÁH2-C2 contacts and the inner one is due to close SÁ Á ÁH contacts where the closest one is with the H atoms of the methyl group. Table 4 Selected -contacts (Å ).
CgI(J) = Plane number I(J), CgI_Perp = perpendicular distance of Cg(I) on ring J, CgJ_Perp = perpendicular distance of Cg(J) on ring I, slippage = distance between Cg(I) and perpendicular projection of Cg(J) on Ring I. Cg1 and Cg2 are the centroids of rings O1/C2-C4/C4A/C8A and C4A/C5-C8/C8A, respectively. Cg3 and Cg4 are the centroids of rings C14A/C15-C18/C18A and O21/C22-C24/C24A/ C28A, respectively.
Figure 5
Views of the Hirshfeld surface mapped over d norm (left) and mapped over the electrostatic potential (right) for 1_P2 1 /n. The highlighted red spots on the top face of the surfaces indicate contact points with the atoms participating in the C-HÁ Á ÁO/N intermolecular interactions whereas those on the middle of the surface corresponds to CÁ Á ÁC contacts as a consequence of the -stacking. The electrostatic potential surface (ranging from À0.077 to 0.066) shows the complementary electronegative (red) and electropositive areas (blue) with molecules of the first shell. They depict the importance of the H2 and H8 atoms of the chromone ring that are located in the most electropositive area and their connection to O4 and N33. The methyl group presents also an electropositive region that complements with the thiozole environment near the sulfur atom.
Figure 6
The FP plot for 1_P2 1 /n; the light-blue area in the middle of the FP plot is due to CÁ Á ÁC contacts (7.1% of the area). The FP plot shows three sets of spikes pointing to southwest due to weak CÁ Á ÁH contacts: the outer sharper ones are due to the H.ÁN contacts that involves the N(thiazole)Á Á ÁH8-C8(chromone) interaction followed by the spikes corresponding to OÁ Á ÁH contacts that englobe the O4Á Á ÁH2_C2 contacts and the inner one is due to close SÁ Á ÁH contacts A small red spot pointing to this group appears in the Hirshfeld surface, Fig. 5 , left.
In Fig. 5 right, the mapping of the molecular electrostatic potential (ESP) in the context of crystal packing is shown. As the Hirshfeld surface partitions of the crystal space give nonoverlapping volumes associated with each molecule these surfaces give a kind of 'electrostatic complementarity'. The molecular ESP for P2 1 /n reveals red regions of strongly negative electrostatic potential surrounding the two carbonyl regions and the azo region of the thiazole fragment. The blue region is electropositive and it is predominantly located in the chromone area near the H2 and H8 hydrogen atoms as well as in the methyl group of the thiazole. The remainder of the Hirshfeld surface is close to neutrality as seen by the grey regions. It is interesting to note that the mapped areas with electronegative potential corresponding to the areas covered by the atoms exhibiting negative natural atomic charges as computed by NBO (as seen in Fig. 2 ) with exception for the thiazole sulfur atom, which assumes a positive value by adiabatic gas-phase calculations, but gives a slightly negative electrostatic potential area at the Hirsfeld surface. The calculated partial charges show how the molecule would interact with an approaching proton and the molecular electrostatic potential is the potential energy that a proton would acquire at the surface, that is depending on the distance to the core nucleus of the molecule, suggesting that, in the crystal the sulfur surroundings experiences a deeper change in the eletrostatic potential gradient than that occurring in the remaining molecule, as compared with that of the adiabatic conditions. Fig. 5 also highlights the electrostatic complementarity of the C-HÁ Á ÁO/N contacts between the molecules. The electropositive (blue) patch above the chromone ring is in contact with the electronegative (red) regions around the carbonyl oxygen atom of the chromone O4 and the nitrogen atom of the thiazole ring N33 while the carbonyl oxygen atom of the amide O3 is pointing to the H5 hydrogen atom of the chromone ring. The electronegativity of this oxygen is lower than the electronegativity of the O4 of the chromone or the nitrogen atom of the thiazole N33. Thus the first shell molecular pairs are Views of the Hirshfeld surface mapped over d norm for 1_P2 1 /c. The highlighted red spots on the top face of the surfaces indicate contact points with the atoms participating in the C-HÁ Á ÁO/N intermolecular interactions. The red spot identified as a C12-H12Á Á ÁO24 contact in mol#1 is located on the hidden face of the surface.
Table 5
Percentages for the most relevant atom-atom contacts for the studied compounds. 
Figure 8
The FP plot for 1_P2 1 /c, mol#1 on left and mol#2 on right; The light-blue area in the middle of the FP plot at d e /d i $1.8 Å shows a higher frequency of the pixels that are due to CÁ Á ÁC contacts (5.2% of the area for each molecule). The spikes pointing to southwest are due to weak OÁ Á ÁH contacts. The asymmetric tails that both present are corresponding to NÁ Á ÁH contacts in mol#1. Their asymmetry is due to the fact that they connect two molecules that are not related by crystallographic symmetry.
clearly associated with hydrogen bonds around the chromone ring periphery. P2 1 /c (mol#1 and #2) polymorph The Hirshfeld surfaces printed over d norm for each molecule are shown in Fig. 7 . Those surfaces show complementary red spots with each other; since mol#1 is linked to mol#2 and vice versa, they map pairs of dimers that connect the molecules in chains. Here, the hydrogen bonds that contribute to the linking of the mol#1 with mol#2 are the following: (i) the oxo oxygen atom of the chromone of mol#1 acts as acceptor for the H2 hydrogen atom of the chromone of mol#2 (O14Á Á ÁH22-C22) and vice versa (O24Á Á ÁH12-C12); (ii) the carboxyl oxygen atom of the amide in mol#1 links the hydrogen atom H5 of the chromone ring in mol#2 (O13Á Á ÁH25-C25) and vice versa (O23Á Á ÁH15-C15); (iii) the nitrogen atom of the thiazole in mol#1 acts as acceptor for H8 hydrogen atom of mol#2 (N133Á Á ÁH28-C28). The O13Á Á ÁH25-C25/ O23Á Á ÁH15-C15 bond pair was not present in 1_P2 1 /n polymorph while the remaining two were also observed. There is another pair of blue spots in the Hirshfeld surface of mol#1that are complementary in shape and they refer to the O13Á Á ÁH13C-C136 contact.
The FP plots for polymorph 1_P2 1 /c (mol#1 and #2) are shown in Fig. 8 . The FP plots highlight the differences in distribution of close contacts between mol#1 and mol#2. The asymmetric tails that are both present correspond to NÁ Á ÁH contacts in mol#1 and the sharp spikes are due to the OÁ Á ÁH contacts. Their asymmetry is due to the fact that they connect two molecules that are not related by crystallographic symmetry. The sharper line in mol#1 FP that ends at about (1.2;0.9) corresponds to OÁ Á ÁH contacts that mol#1 makes with mol#2. Those contacts relate to the ones given by the sharper line that ends at about (0.9; 1.2) in the FP of mol#2. It is noticeable the differences in sharpness of the OÁ Á ÁH spikes presented in the FP plots 1_P2 1 /c when compared with the FP plot of the polymorph 1_P2 1 /n showing that in 1_P2 1 /c the OÁ Á ÁH contacts are more directional and shorter. Those plots also reflect the differences regarding the close contacts between molecules: the light blue/green area in the middle of the FP plot in 1_P2 1 /n is less spread out and more intense that the area presented in the FP plot of 1_P2 1 /c suggesting that the CÁ Á ÁC close contacts are more relevant in first polymorph. Fig. 9 depicts the Hirshfeld surfaces mapped over the electrostatic potential and once again the complementary electrostatic nature of the contacts are clear from the figure. The ESP is electronegative in the vicinity of oxo oxygen atoms and of the nitrogen atom of the thiazole ring while it is electropositive in the areas that surrounds the H2, H5 and H8 hydrogen atoms of the chromone ring.
Synthesis and crystallization
Chromone-3-carboxylic acid, phosphorus(V) oxychloride, dimethylformamide (DMF) and 5-methylthiazol-2-amine were purchased from Sigma-Aldrich Química SÁA. (Sintra, Portugal). All other reagents and solvents were pro analysis grade and used without additional purification. Thin-layer chromatography (TLC) was carried out on precoated silica gel 60 F254 (Merck) with layer thickness of 0.2 mm and ethyl acetate/petroleum ether as the mobile phase. The spots were visualized under UV detection (254 and 366 nm) and iodine vapour. Flash chromatography was performed using silica gel 60 0.2-0.5 or 0.040-0.063 mm (Carlo Erba Reagents).
Synthesis of N-(5-methylthiazol-2-yl)-4-oxo-4H-chromene-3-carboxamide
To a solution of chromone-3-carboxylic acid (500 mg, 2.6 mmol) in DMF (4 ml) POCl 3 (241 ml, 2.6 mmol) was added. The mixture was stirred at room temperature for 30 min, with the formation in situ of the corresponding acyl chloride. Then, the 5-methylthiazol-2-amine was added. After 12 h, the mixture was diluted with dichloromethane (20 ml), washed with H 2 O (2 Â 10 ml) and with saturated NaHCO 3 solution (2 Â 10 ml). The organic phase was dried with Na 2 SO 4 , filtered and concentrated under reduced pressure. The electrostatic potential surfaces for 1_P2 1 /c, mol#1 and mol#2. The surfaces show the complementary electronegative (red) and electropositive areas (blue) with molecules of the first shell (ranging from À0.077 to 0.066). The ESP is electronegative in the vicinity of oxo oxygen atoms and of the nitrogen atom of the thiazole ring while it is electropositive in the areas that surrounds the H2, H5 and H8 hydrogen atoms of the chromone ring. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . Crystals of the title compound with different morphologies were found in the crystallized sample. In each case several attempts were made at obtaining crystals which gave the best available data set for both types of morphology; 1_P2 1 /n: the crystals were long needles, which could not be cut, as they shattered. The needle used showed slight streaking on the images. The high angle data were very weak, with significant drop in intensity from the lower angle reflections. These facts probably explain the relatively high Rfactor in the refinement of this compound. The following reflections were omitted from the refinement: 0 0 2 and 0 1 1 that were obstructed by beamstop and 0 10 1, 0 11 1, 0 12 1, 0 11 3 as recommend by the PLAT934_ALERT_3_B because (I obs -I calc )/AE w > 1. The hydrogen atoms attached to the carboxamide N atom in 1_P2 1 /n were treated as riding atoms with N-H = 0.88 Å and U iso (H) = 1.2U eq (N) while those in 1_P2 1 /c were refined. All other H atoms were treated as riding atoms with C-H(aromatic) = 0.95 Å C-H(methyl) = 0.98 Å with U iso (H) = 1.5U eq (C). The positions of the amino and methyl hydrogenatom positions were checked on a final difference map.
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research communications Table 6 Experimental details. For both structures, data collection: CrystalClear-SM Expert (Rigaku, 2012 ); cell refinement: CrystalClear-SM Expert (Rigaku, 2012) ; data reduction: CrystalClear-SM Expert (Rigaku, 2012 et al., 2004) , SHELXL (Sheldrick, 2008) for 1_P2~1~_c.
N-(5-Methylthiazol-2-yl)-4-oxo-4H-chromene-3-carboxamide (1_P2~1~_n)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
Geometric parameters (Å, º)
S31-C32 1.726 (5) C5-C6 1.371 (7) S31-C35 1.728 (5) C5-C4A 1.393 (6) O1-C2
1.336 (6) C5-H5 0.9500 O1-C8A 1.384 (5) C4A-C8A 1.379 (6) O3-C31 1.215 (5) C6-C7 1.394 (7) O4-C4 1.231 (5) C6-H6 0.9500 N3-C31
1.353 (6) C7-C8 1.367 (7) N3-C32
1.387 (6) C7-H7 0.9500 N3-H3 0.8800 C8-C8A 1.387 (7) N33-C32
1.306 (6) C8-H8 0.9500 N33-C34
1.388 (6) C34-C35 1.341 (7) C2-C3
1.344 (6) C34-H34 0.9500 C2-H2 0.9500 C35-C351 1.506 (7) C3-C4
1.449 (6) C351-H35A 0.9800 C3-C31
1.492 (7) C351-H35B 0.9800 C4-C4A
1.466 (6) C351-H35C 0.9800 C32-S31-C35 88.8 (2) C6-C7-H7 119.5 C2-O1-C8A 118.1 (4) C7-C8-C8A 117.8 (4) C31-N3-C32 123.6 (4) C7-C8-H8 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
